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and   ADCP   moorings   were   deployed   and   a   shipboard   SeaSoar   vehicle   was   used   to   measure 

































































































































generally   flat  bottom location.  Site  B  was  located  near  the westernmost  
branch of  the North Mien­Hua Canyon.
Figure 1.1. QPE area of study. Smaller boxes show areas for study sites A and B.
 2  QPE experiment description 











 2.2  Time convention
All instrumentation and sensors were set to Universal Time (UTC, denoted as Z). For convenience, shipboard log 
records  were  kept  in   local   time.  Also, some of   the  local,  Taiwanese  sensors  were  set   to   local   time and will  be 
specifically indicated and documented. To convert from UTC to local time in the Taiwan area, add 8 hours to UTC.
                                      Localtime  =  UTC + 8 
 2.3  Geoacoustic and acoustic bottom survey,  R/V OR2
Geo-acoustic  work  and the  deployment  of  two acoustic  receiver  moorings were performed  from the R/V Ocean 
Researcher  2 (OR2) of the National Taiwan Ocean University (NTOU) during the QPE experiment and  were also 
divided into two components OR2-Leg1 (OR2 Cruise number 1639) and OR2-Leg2 (OR2 cruise number 1667).  A 
short-term geo-survey and acoustic bottom survey  were conducted in the northern region of North Mien-Hua Canyon  
(Figure 2.2). There was one short cruise (only two days from Aug1 to Aug 2) by OR2 called OR2-Leg1-A conducted  
in between Leg 1 and Leg 2 which deployed the NSYSU SHRU.  More information about the NSYSU SHRU can be  
found in section 3.4.3. All standard OR2 ship sensors data, which includes the EK500 depth sensor, GPS position, and 













 2.3.1 R/V OR2 Cruise no. 1639, Leg 1 
OR2­Leg1 was performed from June 8th to June 12th, preceding the QPE intensive operations period (IOP). The cruise 
was to obtain an initial look at the geo­acoustic parameters in the bottom for inclusion into acoustic propagation 
modeling  efforts   and  data   analysis.  The  region  of   interest  was   in   the  Northeast   region  of  Taiwan,  with   special 
emphasis on the shelf region of Northern Mien­Hua Canyon.   Surveys by a 'Boomer' transducer and a sub­bottom 
profiler were the two main operations that were performed on this leg. A number of XBTs were also performed.
The boomer produces a sharp, repeatable "industry standard" single pulse and is deployed as a towed surface vehicle. 
It is ideal for inshore surveys for high resolution sediment analysis.  During OR2-Leg1, the boomer was towed behind  
the OR2 on a heading into the current (at 3 knots) by two 6 meters ropes to avoid it from flying out of water surface.  
However, due to  weather and high seas, only a portion of the operation was realized. It was towed on June 9 th from 
10:01 (local) to 12:40 (local).   Figure 2.3 shows the pulse shape of the Boomer.
Figure 2.3. Pulse shape for the Boomer.
An Edge-Tech 3200-XS was used as a  sub-bottom profiling system. It transmitted a linear frequency modulated (LFM) 
pulse from 500hz to 7.2kHz. The pulse length was set to 30 seconds and output power was approximately 190 dB per  
1micropascal. It was deployed from June 8th at 19:00 (local) to June 9th at 06:30 (local). Figure 2.4 shows an image of 
the sub-bottom from that chirp survey.
 
Figure 2.4: Data from chirp sonar on 22:06:10 on June 8th . Very clear sub-bottom layer  
were observed during the whole track 
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 The following Table 1 provides the OR2­Leg1 participants.
Table 1. OR1-Leg1 participants
Name Affiliation Position
J.Y. Lou CNA PI
Linus Chiu NTU Post-doc
W. H. Ho NTU Senior Technician
Y. F. Ma NTU Senior Technician
Jan Dettmer UVIC Post-doc
S. L. Li TORI Technician
M. G. Tsai NTU Graduate student
C. Y. Wu NSYSU Graduate student
 2.3.2 R/V OR2 Cruise no. 1667, Leg 2
OR2­Leg2 was performed from Sept. 4th to Sept 7th and was responsible for continuing the sub­bottom profiling, towing 
a J­9 source, and deploying a National Taiwan University (NTU) vertical line array (VLA).  More information about the 
NTU VLA can be found in Section 3.5.3.   Unfortunately, due to high waves and bad weather, only deployments of the 
the J-9 and the NTU VLA were achieved.  
The signals transmitted by the J-9 towed source was a  3 second LFM sweep (350-450Hz), and M-sequences (Carrier is  
400Hz with 100Hz band width). The J-9 was towed at ~3 knots from Sept. 5 at 23:25:40 to Sept. 6 th at 03:30:00 (Figure 
2.2). The two signals were transmitted at irregular intervals.   The 400Hz carrier frequency m-sequence signal was 
designed using 4 cycles per digit, 2000Hz sampling frequency, and a mu law of 1473. 
Participants in the OR2­Leg2 cruise are listed in the following Table 2.
 
Table 2. OR12-Leg2 participants
Name Affiliation Position
J.Y. Lou CNA PI
Linus Chiu NTU Post-doc
W. H. Ho NTU Senior Technician
S. D. Chiu NTU Senior Technician
Jan Dettmer UVIC Post-doc
M. G. Tsai NTU Graduate student
Y.X. Liu NTU Graduate student
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 2.3.3 XBT deployments, R/V OR2 Leg1 and 2 
For OR2-Leg1, 5 XBT- probes were launched. One was launched in the first day and the other 4 probes were launched 
along the boomer track.  Each XBT-probe was to monitor  variation of  sound speed in real  time at  each different  
location (Figure 2.5 and 2.6). The XBT probe deployed was type T-6 that is used for shallow water deployment. The 
locations of XBT data are along the boomer track which is shown in Figure 2.2.
Table 3. XBT stations from OR2-Leg1
Station Date Time Latitude Longitude Depth
XBT-00010 08-6-2009 20:41:00 25 43.560 122 38.140 125
XBT-00011 09-6-2009 11:26:00 25 41.093 122 40.587 157
XBT-00012 09-6-2009 11:53:00 25 40.623 122 40.190 160
XBT-00013 09-6-2009 12:33:00 25 40.183 122 39.807 160.7




For OR2-Leg2, XBT probes were launched while the acoustic track was conducted. These 4 probes were launched 
along the canyon.  The type of the  XBT chosen were T-5, T-6 and T-7 and were selected for different local depths of  
the canyon. The deepest local depth along this track is 1850 meters, in which sound speed profile was successfully  
collected by the last launch of a T-5 probe on Sept. 6 at 03:15 (local time).
Table 4. XBT stations from OR2-Leg2
Station Date Time (local) Latitude Longitude
XBT-00015 05-9-2009 23:32:00 25 38.487 122 44.385
XBT-00017 06-9-2009 00:51:05 25 35.070 122 47.598
XBT-00020 06-9-2009 02:15:00 25 31.323 122 50.973
XBT-00022 06-9-2009 02:55:00 25 27.510 122 54.013
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Figure 2.6  Deep XBT during OR2­Leg2





stations measured by OR2 are denoted by “C” and those by OR3 are denoted by “S”. The CTD and along­track ship­
board ADCP data were prepared in ascii format for analysis. The two surveys unexpectedly observed the variation of a 
freshwater plume caused by a typhoon-induced torrential rain.
One week before OR2&3-Leg 1, a category 2 typhoon named  Morakot transversed across central Taiwan and stalled  
over southern Taiwan for 2 days (8-9 August). The typhoon brought record-breaking torrential rains in the southern 
half of Taiwan Island with accumulated precipitation peaking at 4000 mm within two days. Figure  2.8 shows the 
typhoon track and rainfall of Morakot during 3-10 August. Most of the rain was gathered into rivers that discharged 
into the Taiwan Strait on the southwestern coast of Taiwan. River runoff monitoring stations on the Jhoushuei River 
recorded a peak runoff of ~18000 m3/s during the typhoon (Figure 2.9). The Jhoushuei River is the largest river in 
central Taiwan and its runoff typically ranges between 50 to 200 m3/s. Roughly estimated, the total volume of the 
freshwater during this period was ~32 km3 which is similar to a volume of pouring a 1 meter thick layer of freshwater 
over the entire area of Taiwan (~35000 km2). The freshwater plume caused by the typhoon Marakot was clearly 



















1 OR2­1660 40 590 nm 590 nm Y.­J. YangOR3­1390 49 906 nm 906 nm S. Jan
2 OR2­1665 42 613 nm 613 nm J. WangOR3­1394 37 853 nm 853 nm T.­C. Liu


















1 JS01 120.1664 23.8324 22.0 20
2 JS02 120.0845 23.8337 36.2 34
3 JS03 120.0013 23.8333 36.9 32
4 JS04 119.8752 23.8328 66.7 61
5 JS05 119.75 23.8338 78.1 73
6 JS06 119.6685 23.8309 76.4 70
7 S02 119.9178 23.5032 124.5 106
8 S03 120.2535 24.0045 24.5 20
9 S03­2 120.2513 23.9986 25.0 23
10 S03A  120.1260 23.9996 39.0 36
11 S04   120.0021 23.9999 46.2 42
12 S04A  119.8774 24.0023 50.0 46
13 S05   119.7513 24.0023 53.5 49
14 S05A  119.6178 24.0016 69.3 64
15 S06   119.5005 24.0029 65.0 60
16 S07   119.2509 24.0007 59.3 55
17 S10   119.0010 24.5001 56.7 51
18 S11   119.2505 24.5007 65.1 60
19 S12   119.5004 24.4999 70.0 66
20 S13   119.7485 24.5005 50.5 46
21 S14   120.0010 24.4993 66.5 62
22 S15   120.2529 24.4989 61.0 56
23 S16   120.5040 24.5030 58.6 54
24 S16­2 120.5005 24.5004 57.0 53
25 S17   120.7523 24.9993 78.5 73
26 S18   120.5005 24.9997 79.9 75
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27 S19   120.2494 24.9999 61.6 57
28 S20   120.0020 24.9994 58.5 53
29 S21   119.7489 25.0006 71.9 69
30 S22   119.5002 25.0002 28.0 24
31 S23   120.0024 25.2502 62.0 57
32 S24   120.2504 25.2501 58.2 53
33 S25   120.5000 25.2503 76.6 72
34 S26   120.7536 25.2501 86.0 81
35 S27   120.9992 25.2475 89.0 80
36 S29   121.2501 25.5012 73.0 70
37 S30   121.0000 25.5005 94.6 90
38 S31   120.7504 25.4995 82.8 78
39 S32   120.5011 25.5016 68.6 66
40 S33   120.2529 25.4991 56.8 51
41 S34   120.2517 25.7505 55.3 51
42 S35   120.5025 25.7495 68.7 64
43 S36   120.7498 25.7486 78.0 73
44 S37   121.0026 25.7511 86.0 82
45 S38   121.2515 25.7504 80.0 76
46 S39   121.2499 25.9999 83.9 79
47 S40   121.0012 26.0008 82.9 77
48 S41   120.7487 25.9994 75.0 70
49 S42   120.5042 25.9960 68.0 57
50 S43 120.2523 26.0010 50.0 46
51 C01­1 121.7482 25.2515 96.0 90
52 C02­1 121.4963 25.3729 78.0 70
53 C03­1 121.4995 25.4996 121.0 110
54 C04­1 121.5047 25.7506 85.0 80
55 C05­1 121.5017 25.9991 73.0 68
56 C06­1 121.7507 26.0009 119.0 110
57 C07­1 122.0005 26.0002 106.0 100
58 C08­1 122.2498 25.9998 105.0 100
59 C09­1 122.5017 26.0007 112.0 105
60 C10­1 122.7518 26.0032 121.0 110
61 C11­1 123.0025 26.0007 101.0 90
62 C12­1 123.2514 25.9989 127.0 115
63 C13­1 123.1682 25.7507 130.0 120
64 C14­1 123.0005 25.7499 335.0 320
65 C15­1 122.7504 25.7497 139.0 130
66 C16­1 122.4996 25.7497 118.0 110
67 C17­1 122.2504 25.7513 119.0 110
68 C18­1 122.0000 25.7510 119.0 110
69 C19­1 121.7509 25.7499 119.0 110
70 C20­1 121.7502 25.5009 118.0 110
71 C21­1 122.0022 25.4990 123.0 115
72 C22­1 122.2520 25.4983 270.0 220
73 C23­1 122.4964 25.4946 414.0 400
74 C24­1 122.7525 25.5014 1200.0 1000
75 C25­1 123.0027 25.4992 794.0 750
76 C26­1 123.2593 25.5048 721.0 700
77 C27­1 123.2537 25.2506 1735.0 1000
78 C28­1 123.0052 25.2525 1657.0 1000
79 C29­1 122.7525 25.2513 1327.0 1000
80 C30­1 122.5020 25.2505 788.0 750
81 C31­1 122.2519 25.2496 223.0 210
82 C32­1 122.0010 25.2486 147.0 135
83 C33­1 122.0845 25.0004 233.0 210
84 C34­1 122.2501 24.9981 970.0 900
85 C35­1 122.5027 25.0017 1404.0 1000
86 C36­1 122.7549 25.0045 1521.0 1000
87 C37­1 123.0073 25.0046 1634.0 1000
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88 C41­1 122.2528 24.7550 334.0 300
89 C42­1 122.0008 24.7502 101.0 90
Table 7.  Location, bottom depth and maximum deployed depth for each CTD cast during OR2&3­Leg 2 (OR2­1665 &  
OR3­1394)
No. Station Longitude(E) Latitude(N) Bottom   depth 
(m)
CTD  max   depth 
(m)
1 JS1D 120.1653 23.8328 22.0 19
2 JS2D 120.0828 23.8327 36.0 32
3 JS3D 119.9990 23.8323 36.0 31
4 JS4D 119.8753 23.8352 66.0 62
5 JS5D 119.7505 23.8352 77.0 71
6 JS6D 119.6656 23.8330 81.0 76
7 S01D 119.9974 23.0069 84.0 80
8 S02D 119.8337 23.5010 112.0 105
9 S04D 120.0013 23.9998 45.0 41
10 S10D 119.0010 24.5009 60.0 57
11 S11D 119.2491 24.4992 66.0 63
12 S12D 119.4972 24.5010 71.0 66
13 S13D 119.7486 24.4972 47.0 42
14 S14D 119.9980 24.4983 63.0 57
15 S17D 120.7524 25.0012 82.0 77
16 S18D 120.4971 24.9962 81.0 77
17 S23D 119.9994 25.2509 63.0 58
18 S24D 120.2484 25.2484 56.0 50
19 S25D 120.4975 25.2503 74.0 69
20 S26D 120.7480 25.2498 85.0 80
21 S27D 120.9946 25.2540 87.0 81
22 S28D 121.2497 25.2516 70.0 66
23 S29D 121.2494 25.5018 76.0 71
24 S30D 120.9979 25.5014 94.0 88
25 S31D 120.7474 25.5022 83.0 79
26 S32D 120.4985 25.5016 68.0 64
27 S33D 120.2503 25.4995 57.0 53
28 S34D 120.2497 25.7506 53.0 49
29 S35D 120.4995 25.7507 67.0 62
30 S36D 120.7471 25.7502 76.0 71
31 S37D 120.9952 25.7502 85.0 80
32 S38D 121.2485 25.7506 79.0 75
33 S39D 121.2498 25.9986 84.0 79
34 S40D 120.9946 26.0012 82.0 76
35 S41D 120.7458 26.6658 76.0 71
36 S42D 120.5002 25.9986 64.0 60
37 S43D 120.2494 26.0000 50.0 45
38 C01­1 121.7493 25.2512 95.0 89
39 C02­1 121.4972 25.3752 79.0 77
40 C03­1 121.4971 25.5006 119.0 111
41 C04­1 121.4994 25.7502 82.0 79
42 C05­1 121.4997 26.0000 72.0 66
43 C06­1 121.7488 26.0011 118.0 111
44 C07­1 122.0000 26.0011 105.0 101
45 C08­1 122.2496 26.0006 105.0 102
46 C09­1 122.4992 25.9987 111.0 106
47 C10­1 122.7494 26.0009 118.0 111
48 C11­1 122.9982 25.9990 101.0 95
49 C12­1 123.2505 26.0000 124.0 111
50 C13­1 123.1669 25.7501 132.0 127
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51 C14­1 122.9986 25.7485 272.0 232
52 C15­1 122.7497 25.7507 139.0 131
53 C16­1 122.4999 25.7511 119.0 112
54 C17­1 122.2503 25.7522 119.0 111
55 C18­1 121.9993 25.7513 120.0 111
56 C19­1 121.7497 25.7496 117.0 111
57 C20­1 121.7495 25.5008 115.0 106
58 C21­1 122.0009 25.5002 123.0 114
59 C22­1 122.2499 25.4989 308.0 251
60 C23­1 122.4976 25.4976 427.0 401
61 C24­1 122.7499 25.4982 1059.0 951
62 C25­1 123.0016 25.4993 795.0 771
63 C26­1 123.2525 25.5035 754.0 701
64 C27­1 123.2523 25.2518 1741.0 1001
65 C28­1 123.0019 25.2528 1659.0 1007
66 C29­1 122.7517 25.2525 1313.0 1004
67 C30­1 122.4998 25.2495 798.0 771
68 C31­1 122.2509 25.2485 218.0 202
69 C32­1 121.9986 25.2488 147.0 141
70 C33­1 122.0891 24.9908 275.0 261
71 C34­1 122.2494 24.9995 968.0 951
72 C35­1 122.5019 24.9994 1492.0 1001
73 C36­1 122.7514 25.0018 1521.0 1050
74 C37­1 123.0009 25.0023 1623.0 1001
75 C38­1 123.0018 24.7509 1613.0 1001
76 C39­1 122.7520 24.7524 1367.0 1001
77 C40­1 122.5014 24.7517 1049.0 951
78 C41­1 122.2510 24.7519 335.0 301
79 C42­1 122.0019 24.7489 114.0 101












































 2.4.4  Hydrographic transects from OR2&3-Legs 1 and 2


















 2.4.5 SVP Drifters, OR2 and OR3 Leg1





































































 2.5  Leg 1, Cruise no. 911, R/V ORI   
Leg 1 (of 2) of the QPE experiment was performed from Aug 23rd to Sept 1st  aboard the Taiwanese research vessel R/V 



























Mooring Deployed Position Time (UTC)  date   Depth (m)
ADCP 'A' 25 59.323  122 31.525 10:20    8/29/09   113










 2.5.3  Site B – physical description and deployed gear
The Site B deployments were the first mooring operations performed, on the nights of 8/24/09 and 8/25/09.  There were 
seven instruments deployed: an acoustic Doppler current profiler (ADCP), three “environmental moorings” (designated 
ENV#1­3)  bearing   temperature,   pressure,   salinity  measurement   sensors,   two  Several  Hydrophone  Receiver  Units  
(SHRU’s), and a bottom mounted Horizontal Line Array (HLA). The locations of the environment moorings, after 









Mooring Deployed Position Time (UTC)  date   Depth (m)
ADCP 'B'   25 42.334   122 36.961  10:54   8/24/09 136.0
ENV#1  (  A )    25 42.549   122 36.866  12:46   8/24/09 131.8
ENV#2  (  B )  25 42.505   122 37.454 13:37   8/24/09 134.4













Mooring Recovered Position Time (UTC)  date   status
ADCP 'B'     Not recovered this leg
ENV#1  (  A  )   25 43.747   122 40.213 05:48  8/28/09
ENV#2  (  B )  25 42.855   122 39.619 02:57   8/28/09 moved
















 2.6  Turnaround between R/V OR1 legs 1 and 2 
A few days between Leg1 and Leg 2 of  the QPE acoustics field work were allotted to quickly study the    in situ  
instrumentation   data   and   to   numerically  model   acoustic   and   oceanographic   fields   for   Leg2   planning.   This  was 
important to adaptively define the next set of experiments to address and exploit the spatial and temporal uncertainty in  
the area.      Arthur Newhall from WHOI arrived specifically for examining the mooring data, which can be seen in 
Section 3.  

























 2.7.1  Site A
As in Leg 1, Site A was visited after Site B.   Unfortunately, the weather turned worse at this time, so none of the  







 2.7.2  Site B





Mooring Deployed Position Time (UTC)  date   Depth (m)
ENV#1  (  AB  )  25 42.541  122 36.842 10:34   9/04/09 n/a
ENV#2  (  BB  )  25 42.519 122 37.444 11:40   9/04/09 n/a
























 2.8  QPE Instrumentation from R/V OR1
This section introduces the array of instrumentation that was used during the QPE acoustics program. Description of  
this data can be seen in Section 3.




















 2.8.3  Mobile acoustic sources
The  mobile   acoustic   sources   are   small,   expendable   autonomous   vehicles   that   send   acoustic   signals   at   pre­set  
frequencies.  These are pre­programmed before launch.  Please refer to the section 3.10 for more information.  




  *  Over  200 SBE­9/11 CTD casts  were  performed  during   the  entire  QPE exercise.  The CTD sensors  measured: 









 3  QPE Data - R/V OR1, OR2, and OR3










 3.1.1  Bathymetry construction
The basic source data consisted of two grids, precomputed in unprojected coordinates (i.e., as a latitude­longitude 
grid).  The first was gridded at approximately 500m (0.0045 deg) and covers the area around Taiwan (figure 1.1 and 














Fledermaus'  AvgGrid  with  size   set   to  exactly  100m or  500m as  appropriate;   the   slight   interpolation   implicit   in 














































 3.2  Shipboard



























































































































































































































































































 3.2.3  Shipboard Radar (OR1)
The  R/V  OR1  was   equipped  with   a   horizontally   looking   radar   to   inspect   the   ocean   surface   for   internal  wave 
signatures. Figure 3.11 shows one image taken on Aug. 24th  at 10:00 (UTC), while at location 25° 44.214' N and 122° 
37.2588'  E.  This   image  clearly   shows  the  directional  complexity  of   the   internal  waves  propagating   through our 
research area.  During Leg 1 from 8/24/2009 at 16:30 (local time) to 8/31/2009 at 19:15 (local time), one image every 
5 minutes was saved.     One image every 1 minute was saved during Leg 2 which started at 9/04/2009 at 10:21 ( local  







   Start Time (LOCAL) End Time (LOCAL)  Number of  
images
Leg 1  8/24/2009 at 16:30  8/31/2009 at 19:15  2050
Leg 2 9/04/2009 at 10:21  9/12/2009 at 05:38   5740 
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Figure 3.10. S/T plot for OR1 Leg 2.
 3.2.4  Simrad EK500 (OR1)
All  Ocean  Researcher  vessels  were   equipped  with   a  EK500  echosounder,   but  only   the  data   from R/V OR1  is  
discussed here.    The EK500 echosounder provides ship over ground bathymetry as well as backscatter  from any 









































































































 3.3.1.2  Leg 1 (OR1 911), Site B
   Alpha mooring was dragged from Aug 24 21:37:00 to Aug 25  01:09  (3.5 hrs). Bravo mooring was also dragged.  











Hi­flyer / 1m depth tpod 1994   lost 2005  lost 2046
Top   of   sphere   / 
107.75mab
tpod 2010 1996 2045





20 / 104.2 mab tpod 2038   lost 2004 2047
25 / 99.2 mab tpod 2037  lost 1993 2084
30 / 94.2 mab tpod 2036  lost 2003  lost 2048
35 / 89.2 mab tpod 2035  lost 2007  lost 2051
40 / 84.2 mab tpod 2034  lost 2008  lost 2052
45 / 79.2 mab tpod 2033  lost 327 (sbe39 t/p) 321 (sbe39 t/c)
50 / 74.2 mab tpod 2032  lost 2011  lost 2053
55 / 69.2 mab tpod 2031  lost 2016  lost 2061
60 / 64.2 mab tpod 2030  lost 2017  lost 2062
65 /  59.2 mab SBE37 (t/c) 4104  lost 1140    1141
70 / 54.2 mab tpod 2028  lost 2018  lost 2064
75 / 49.2 mab tpod 2028  lost 2019  lost 2065
80 / 44.2 mab tpod 2027  lost 2020 2080
85 / 39.2 mab tpod 2026  lost 2021 2081
90 / 34.2 mab tpod 2092  lost 2022 2085
95 / 29.2 mab SBE39 324 (t/p) 322 (t/p) 311 (t/c)
100 / 24.2 mab tpod 2041  lost 2023  lost 2086
105 / 19.2 mab tpod 2042 2024  lost 2087
110 / 14.2 mab tpod 2043 2040 2066
End /  12.0 mab tpod 2044 2039 2088
5m wire SBE37 (t/c/p) 1137 1132  damaged 1138











































Hi­flyer / 1m depth tpod x  x 
Top of sphere / 105.75mab tpod 2022 1992
1m from termination / 103.0 mab SBE37  (t/c/p) 4079 1770 
20 / 101.2 mab tpod 2063 2073
25 / 96.2 mab tpod 2045 2071
30 / 91.2 mab tpod x 2096
35 / 86.2 mab tpod 257 221 n/d
40 / 81.2 mab tpod 209 n/d 263 n/d
45 / 76.2 mab SBE39 t/p 2024  326
50 / 71.2 mab tpod 212 n/d 2099
55 / 66.2 mab tpod 219 n/d 275 n/d 
60 / 61.2 mab tpod 217 n/d  145 n/d 
65 /  56.2 mab SBE37 t/c 1140   1133
70 / 51.2 mab tpod 2098 274 n/d
75 / 46.2 mab tpod 2097  256 n/d
80 / 41.2 mab tpod 2068 279 n/d






90 / 31.2 mab tpod 2094 2095
95 / 26.2 mab     tpod 2076 2100




Bottom of 5m wire / 7.0 mab SBE37 (t/c/p) 1141 1138 


















































































int acq_hour;                     //  (754­755) “
int acq_min;                      //  (756­757) “
int acq_sec;                       //  (758­759) “
int acq_recnum    // (760­761) “
int ADC_tagbyte // (762­763) “
int glitch_code; // (764­765) “




char   status[16];                     //  (816­831)
char                            proj[16];       // project name <QPE>,   (832­847)













































































 3.5  (release) tpod 2002 2001
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 3.4.1  Leg1 (OR1 911)












25 59.290  122 31.889 11:14  8/29/09 22:00  8/30/09 114.0
SHRU s/n 06 had same tpod #2001 as for site B earlier.













25 42.866  122 36.759 11:55  8/24/09 08:48  8/28/09 126
SHRU#2
(s/n 07  array 2)
25 38.993  122 36.014 11:52  8/25/09 09:38  8/28/09 208.4







 3.4.2  Leg2 (OR1 912)












25 42.841  122 36.724 13:03  9/04/09 00:15  9/09/09 126
SHRU#2
(s/n 08  array 1)



















































































































































 3.5.1.2  Temperature at WHOI HLA  – leg 1 (OR1 911), Site B
 3.5.1.3  Light bulbs – Leg 1 (OR1 911), Site B











 3.5.2  Leg2 (OR1 912)






























 3.5.2.2  Temperature – Leg 2 (OR1 912), Site B











Bulb #1  25 45.373  122 41.910   06:23:00   8/08/09 274 .366
Bulb #2 25 45.507  122 42.026  06:35:00   8/08/09 158 .211
Bulb #3 25 45.366   122 42.145 06:45:00   8/08/09 389 .519
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Figure 3.28. Temperature  for WHOI Array on bottom for OR1 Leg 2, Site B.








































  Ch5 (not used) 2009- Tibits 189.7476
  Ch6 2008- Tibits 192.4736
  Ch7 (not used) 6464- Tibits 195.7451
  Ch8 SBE-1848 190.6080
  Ch9 (not used) 5452- Tibits 199.9138
  Ch10 2720-STAR--ODI -002 202.2442
  Ch11 (not used) 5453- Tibits 203.1167
  Ch12 2005- Tibits 207.2238
  Ch13 (not used) 2007- Tibits 211.0353
  Ch14 2330-STAR--ODI -002 215.5643


















ADCP 'A' 25 59.323   122 31.525 10:20    8/29/09 08:37  09/09/09  113
ADCP 'B'  25 42.334   122 36.961 10:54    8/24/09 11:15  09/09/09  130



































































 3.8  Satellite images
Each time a satellite passed over the QPE site during the experiment,   a synthetic aperture radar (SAR) image was  







 3.9  OASIS mobile acoustic sources (OMAS)




















showing  the  isotropy or  anisotropy of   the  acoustic   field  over   the  course  of  an  individual  OMAS run.   In  addition,  
comparing  TL  vs.   bearing   results   from  multiple   circles   separated   by   some  distance   also   gives   a  measure   of   the 
translational invariance of the acoustic field. For linear tracks, TL is usually plotted vs. source to receiver range.   Linear 















Events 7 and 8 on September 5,  the first  day of Leg 2, are good examples of  linear OMAS track geometries.  The 
intention of these runs was to have two OMAS units simultaneously running parallel to the isobaths, with one running 















































400 500 600 700 800 900 1000 1100 1200 1300
24-Aug-2009 1 15570 137.8 140.5 145.7 146.8 148.9 149.9 151.4 152 151.6 151.8
25-Aug-2009 2A 15562 139.7 142 145.5 147.3 149.5 151.1 151.5 152.3 151.9 152.4
2B 15563 138.8 142.7 146 147.8 149.9 150.6 151.1 151.5 151.1 152.2
26-Aug-2009 3A 15558 138.7 142.6 145 147.8 149.7 150.4 151.3 151.8 151 152.2
4 15560 138.8 142.8 145.5 147.7 149.5 150.6 151.4 151.5 151.4 151.2
27-Aug-2009 3B 15559 139 142.9 145.6 148 150 151.1 151.9 152.7 152.2 152.5
28-Aug-2009 5 15561 139.3 143 145.4 147.9 150.1 151.2 151.7 152.9 152.6 152.9
29-Aug-2009 6A 15557 139.2 143.1 145.4 148 150.2 151.5 152.2 152.5 150.9 149.3
6B 15569 139.8 142.8 145.4 147.1 149.5 150.4 151.6 151.8 151.6 151.6
6C 15567 139.4 142.7 146.4 147.7 150.3 150.8 151.3 152.3 152.6 152.6
5-Sep-2009 7 15309
8 15308




9-Sep-2009 13A 15566 139.6 142.6 145.7 147.3 150.4 151.1 151.3 151.4 151.2 151.5
13B 15307
10-Sep-2009 14A 15565 138.6 141.5 145.3 146.9 149.2 150.3 150.4 150.5 149.8 151.3
14B 15564 139 142.4 145.8 148 149.6 150.6 151.1 152.4 152.8 152.8
400 450 500 700 800 900 950 1000 1150 1300
5-Sep-2009 7 15309 139.0 140.9 143.4 148.8 150.9 151.3 150.6 150.2 150.5 150.7
8 15308 138.6 140.4 142.5 147.4 149.3 150.5 151.1 151.2 151.4 150.6
7-Sep-2009 10 15312 138.6 140.4 142.5 148.3 149.6 150.5 150.7 150.7 141.5 140.7
11 15313 139.4 140.7 142.4 147.6 149.7 150.7 150.9 151.1 141.2 140.6
8-Sep-2009 12 15310 140.1 141.7 143.7 148.3 149.4 150.0 150.2 150.5 150.8 151.1










Date Event Unit S/N
Figure 3.56: OMAS source levels.
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Date Event OMAS S/N















14:45 (Z) 20:35(Z) Along/Across Shelf at 125m isobath 25° 42.969' N 122° 37.028' E




16:32 (Z) 22:52 (Z) 5 km circle over shelfbreak 25° 42.964' N 122° 36.975' E




16:35 (Z) 20:19 (Z) 5 km circle over shelf 25° 48.320' N 122° 35.008' E






15:07 (Z) 19:58 (Z)
Offshore N/S Run 
Over Canyon 
Variable Depth
25° 37.990' N 122° 36.996' E




15:02 (Z) 21:48 (Z)
Offshore NE/SW 
Run Over Canyon 
Variable Depth
25° 37.980' N 122° 37.006' E
August 27, 2009 3B 15559 145.6, 150, 151.1, 151.9 5 kts 200ft
2x1000-1200Hz HFM Up
Alternating 550-650Hz and 
800-1000Hz  HFM Up, 20-
sec Rep Rate
10:44 (Z) 16:56 (Z) Coherence Run 25° 45.044' N 122° 35.089' E




13:17 (Z) 18:19 (Z) 110m Isobath RunAlong/Across shelf 26° 01.996' N 122° 31.945' E




12:07 (Z) 19:18 (Z)
First Vehicle of 24 
Hr Coverage Run
Buoys Lost, No GPS
26° 02.078' N 122° 32.062' E




20:19 (Z) 03:54 (Z)(August 30)
Second Vehicle of 
24 Hr Coverage Run 26° 02.051' N 122° 31.833' E









Third Vehicle of 24 
Hr Coverage Run 26° 02.220' N 122° 32.032' E
Figure 3.57: Table of OMAS run summary, OR1 Leg 1.
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Date Event OMAS S/N
















Along Shelf Run at 
130m isobath, 30m 
depth
25° 39.21' N 122° 27.07' E





Along Shelf Run at 
130m isobath, 90m 
depth
25° 39.21' N 122° 27.07' E







Across Shelf Run at 
130m isobath, 30, 
60, 90, 120m depth
25° 39.64' N 122° 28.40' E




12:36 (Z) 19:30(Z) Circle Track Across Shelf at 30m Depth 25° 45.32' N 122° 36.18' E




12:47 (Z) 19:30(Z) Circle Track Across Shelf at 90m Depth 25° 45.525' N 122° 37.76' E




10:51 (Z) 15:20 (Z)
"Canyon Run" up 
caonyon over SHRU 
2 at 100m depth
25° 34.61' N 122° 37.82' E




10:26 (Z) 16:50 (Z) Circle Track On Shelf at 30m Depth 26° 02.07' N 122° 32.05' E




10:34 (Z) 15:45 (Z) Circle Track On Shelf at 90m Depth 26° 02.15' N 122° 31.96' E




11:29 (Z) 17:25 (Z)
Circle Track On 
Shelf at 30m Depth 
~40km from 
previous
25° 35.59' N 122° 17.45' E




11:37 (Z) 16:55 (Z)
Circle Track On 
Shelf at 90m Depth 
~40km from 
previous
25° 35.60' N 122° 17.45' E
Figure 3.58: OMAS run summary, OR1 Leg2
 3.10  Multidisciplinary Simulation, Estimation, and Assimilation 
Systems (MSEAS) model 
MIT, running the Multidisciplinary Simulation, Estimation, and Assimilation Systems (MSEAS) model, assimilated  







































• Nx2D   canyon   acoustic  modeling:  Several   Nx2D   canyon   acoustic   forecasts   coupled  with   the  MSEAS   ocean 
modeling were run in real­time.  
• Fully   3­D   canyon   acoustic   modeling:  Y.T.   Lin   of  WHOI   predicted   3­D   canyon   acoustic   effects   on   sound 
propagation, and also the temporal variability of the sound field, for the Mien­Hua Canyon using MSEAS ocean 
forecasts.








Time Period Number/Notes File Format I/A? Plots?
CTD
OR1 Leg 1 24­31 Aug 54 casts mods format Yes Yes
Leg 2 04­12 Sep 67 casts mods format No Yes
OR2 Leg 1 13­16 Aug 40 casts mods format Yes Yes
Leg 2 27­30 Aug 42 casts mods format No Yes
OR3 Leg 1 13­16 Aug 50 casts mods format Yes Yes
Leg 1 13­16 Aug 50 casts mods format No Yes
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Leg 2 29 Aug – 01 Sep 37 casts unprocessed No No





























OR1 Leg 1 23­31 Aug 1 file ascii file No Yes
Leg 2 04­12 Sep 1 file ascii file No Yes
OR2 Leg 1 13­16 Aug
Leg 2 27­30 Aug ascii file No Yes
OR3 Leg 1 13­16 Aug
Leg 2 29 Aug – 01 Sep 3 files ascii file No No
ADCP
OR1 Leg 1 23­31 Aug 1 file matlab file No Yes
Leg 2 04­11 Sep 1 file matlab file No Yes
OR2 Leg 1 13­16 Aug
Leg 2 27­30 Aug unprocessed No No
OR3 Leg 1 13­16 Aug 1 file matlab file No Yes
Leg 2 29 Aug – 01 Sep unprocessed No No
Meteorology
OR1 Leg 1 23­31 Aug 1 file ascii file No Yes
Leg 2 04­11 Sep 1 file ascii file No Yes
OR2 Leg 1 13­16 Aug
Leg 2 27­30 Aug 4 files ascii files No Yes
OR3 Leg 1 13­16 Aug
Leg 2 29 Aug – 01 Sep 5 files ascii files No No
SeaGlider
SG165 21 May – 09 Sep 615 casts mods file Yes Yes
SG166 22 May – 07 Sep 614 casts mods file Yes Yes
SG167 21 May – 10 Sep 670 casts mods file Yes Yes
Drifters
Centurioni Drifter 18 Aug – 15 Sep 111 diff. drifters plotted No Yes










NOAA 9­20 Aug Jason­2 unprocessed No No
Aviso 31 May – 30 Sep Envisat NetCDF No Yes
31 May – 30 Sep Jason­1 NetCDF No Yes
31 May – 30 Sep Jason­2 NetCDF No Yes
SST UKHO 9 Aug – 13 Sep Global NetCDF NetCDF No
Japan 1 Aug – 14 Sep imagery Yes
Taiwan 1 Aug – 14 Sep imagery Yes







COAMPS Real­time 7 Aug – 14 Sep grib Yes Yes
5km 25 Aug – 10 Sep binary No Yes
15km 25 Aug – 10 Sep binary No Yes
Archive 1  Aug – 15 Sep No Yes
NOGAPS Real­time 7 Aug – 14 Sep grib Yes Yes
Archive 1 Aug – 15 Sep grib No Yes
Numerical 
Model
NCOM 1 Aug – 14 Sep imagery No Yes
NLOM 1 Aug – 14 Sep imagery No Yes
Table 46. Output from MSEAS
Time Period File Format I/A? Plots?
Gridded Air­Sea 
Fluxes 
COAMPS Real­time 7 Aug – 14 Sep netCDF Yes Yes
Archive 1 Aug – 15 Sep netCDF No Yes
NOGAPS Real­time 7 Aug – 14 Sep netCDF Yes Yes
Archive 1 Aug – 15 Sep netCDF No Yes
Numerical Ocean 
Simulations
MSEAS 18 Aug – 12 Sep netCDF N/A Yes
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Museum of Marine Science and Technology.
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